Switching aconitase B between catalytic and regulatory modes involves iron-dependent dimer formation.
In addition to being the major citric acid cycle aconitase in Escherichia coli the aconitase B protein (AcnB) is also a post-transcriptional regulator of gene expression. The AcnB proteins represent a distinct branch of the aconitase superfamily that possess a HEAT-like domain (domain 5). The HEAT domains of other proteins are implicated in protein:protein interactions. Gel filtration analysis has now shown that cell-free extracts contain high-molecular-weight species of AcnB. Furthermore, in vitro and in vivo protein interaction experiments have shown that AcnB forms homodimers. Addition of the iron chelator bipyridyl to cultures inhibited the dimer-dependent readout from an AcnB bacterial two-hybrid system. A similar response was observed with a catalytically inactive AcnB variant, AcnB(C769S), suggesting that the monomer-dimer transition is not mediated by the state of the AcnB iron-sulphur cluster. The iron-responsive interacting unit was accordingly traced to the N-terminal region (domains 4 and 5) of the AcnB protein, and not to domain 3 that houses the iron-sulphur cluster. Thus, it was shown that a polypeptide containing AcnB N-terminal domains 5 and 4 (AcnB5-4) interacts with a second AcnB5-4 to form a homodimer. AcnB has recently been shown to initiate a regulatory cascade controlling flagella biosynthesis in Salmonella enterica by binding to the ftsH transcript and inhibiting the synthesis of the FtsH protease. A plasmid encoding AcnB5-4 complemented the flagella-deficient phenotype of a S. enterica acnB mutant, and the isolated AcnB5-4 polypeptide specifically recognized and bound to the ftsH transcript. Thus, the N-terminal region of AcnB is necessary and sufficient for promoting the formation of AcnB dimers and also for AcnB binding to target mRNA. Furthermore, the relative effects of iron on these processes provide a simple iron-mediated dimerization mechanism for switching the AcnB protein between catalytic and regulatory roles.